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Description 

FIELD OF THE INVENTION 

5 The present invention relates to plant cell tissue culture generally and more particularly to apparatus for plant cell 
tissue culture. 

BACKGROUND OF THE INVENTION 

10 Plant tissue culture involves growing all or part of a plant from a culture of parent cells. A number of techniques exist 
for plant tissue culture and include two general types: solid based cultures, in which cells are grown on a gel or mem- 
brane, and liquid cultures, in which the cells are free to float in the medium, in a manner similar to fermentation. In both 
cases, the objective is to make air, vitamins, minerals and hormones accessible to the growing cells or plants. The tech- 
nique of preference depends on the specific plant, and the stage at which it is growing. 

is Membrane rafts, comprising hydrophilic microporous membranes sealed to a plastic base, have been described by 
prior art workers. The raft forms a floating platform on which to seed the cells for plant tissue growth. It comprises a 
frame to whose bottom perimeter a microporous membrane is sealed. The membrane serves as the bottom of the raft. 
Liquid and nutrients are meant to reach the cells growing on the membrane only through the pores. The frame prevents 
liquid from washing over the sides of the membrane. The design of the raft is meant to fit the growing vessel containing 

20 the liquid medium. Both square and round designs are known. 

Medium contained in the liquid below the membrane reaches the cells by a combination of diffusion and bulk flow 
through the membrane pores and provides the cells with nutrients for growth. With some plants, substantial increases 
in the rate of plant growth can be achieved in comparison to growth on agar gels or other solid plant cell support sys- 
tems. Reports of these results can be found in the published results of Hamilton RM, Pederson H and Chin C-K, "Bio- 

25 techniques", vol 3, page 96 (1985) and Young R.E., Hale A., Camper N.D., Keese R. J., and Adelberg J. W., 
"Transactions of the American Society for Agricultural Engineers", vol 34, pages 328-333 (1991). 

Although diffusion to and from a growing cell is quite slow in a gel medium, it can be one or two orders of magnitude 
faster in a liquid. In the case of the membrane raft, the cell is supported on a solid surface, but the nutrients are trans- 
ported via a liquid through the pores. The larger the pore size and the greater the number of pores in the membrane, 

30 the faster the rate of transport to and from the cells. Membrane rafts therefore have the potential advantage of combin- 
ing the best features of liquid and solid culture techniques. However, the structure of the prior art rafts is far from opti- 
mal. 

The current commercial raft design is literally that of a simple flat bottomed "raft", with four legs (Sigma Chemical 
Co., St. Louis, Mo.). The raft floats as a result of the volume of water displaced, and like any raft, depends on the imper- 
35 meability of its base to keep liquid out so that it remains afloat. For this reason, the membrane used for the base is 
restricted to a film with very small pores, and a low hydraulic permeability. Even then, this must be coupled with a light- 
weight design for the remainder of the raft. 

The weight of the raft provides a downwards pressure on the membrane through which water flows. If the flow rate 
is greater than the ability of the growing cells to use such medium, the cells will die or grow very poorly. In order to be 
40 successful, the prior art structure requires a very specific balance between the raft displacement weight and the mem- 
brane properties. 

The reason for increased rates of growth are not clearly known. However, one may hypothesize that they are 
related to rates of transport of nutrients to the cells, and cell generated inhibitors or waste products away from the cells. 
The faster the rate of transport, the higher the effective concentration of growth nutrients, and the lower the concentra- 
45 tion of species which inhibit the growth. 

Rates of transport will be faster the larger the pores and the greater the surface area thereof. Conventional mem- 
branes and porous materials cannot be used in the conventional prior art structure because their hydraulic permeability 
is too high. Under the weight of the raft over a 24 hour period, conventional rafts either accumulate too much liquid on 
the surface of the raft or sink completely. 
so It has been proposed to construct a raft frame with hollow walls or walls made from a foamed material. These solu- 
tions reduce the surface area available for cell growth while reducing the depth of displacement of the raft and thus do 
not provide an acceptable solution. 

As the plants grow, the weight of the raft increases with time. This increases the depth at which the raft is floating, 
as well as the pressure causing liquid to move through the membrane. Although this may sometimes be a desirable 
55 occurrence, the prior art structure does not enable control over when and to what extent the two results occur. 

A second problem with the prior art raft structure relates to the later stages of plant growth and, more particularly 
to the development of the plant's root system. At the point at which the culture medium has been changed to cause 
expression of both the root system and the leaves, the ideal is for the roots to be continuously immersed in the culture 
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medium, with the leaves above the liquid surface. At this stage it is also important for the plant to have mechanical sup- 
port from the root system to physically support the upper portion of the plant. 

Since rootlets cannot penetrate the pores of the membrane, they have nothing in which to anchor themselves to 
provide this support. The above-mentioned Young et al reference describes two frame membrane and netting devices, 

s or sandwiches of membrane and netting which attempt to solve this problem. These comprise netting, with a regular 
array of openings large enough for the rootlets to grow through and anchor, placed on top of a microporous membrane. 
However, this requires peeling away the upper layer of growing plants, which are embedded in the netting, from the bot- 
tom layers. This approach is clumsy, expensive, and harmful to the plants as some shock is caused to the root system 
when the plants are separated. 

10 The patent literature includes various examples of floating apparatus suitable for use in plant cell tissue culture. 

U.S. Patent 4,037,360 describes raft apparatus for growing plants by means of water culture including a buoyant 
body arranged to float in a stable position on a nutrient solution. The buoyant member contains a generally vertically 
oriented channel which accommodates the step of a plant whose root system extends into the nutrient solution below 
the member. To facilitate seed germination, the channel may include a porous or absorptive partition which provides 

15 fluid communication by capillary action with a location on which a seed may germinate. During plant growth, buoyancy 
of the body is increased by adding auxiliary buoyancy apparatus. 

U.S. Patent 4,382,348 describes a soilless plant growing device which includes a fine mesh plate supported only 
at its periphery by a buoyant frame. The buoyancy of the apparatus is such that seeds are maintained at the surface of 
and in contact with the nutrient solution during germination, while the fine mesh allows roots to subsequently grow into 

20 the solution. 

U.S. Patent 4,513,533 describes a method of growing plants in an open trough on a sheet of buoyant hydrophobic 
material such as polystyrene in which are formed a regular pattern of large holes. The holes are covered by a con- 
nected grid of plant collars, which hold seedlings or a solid support medium in which a seed has germinated. The buoy- 
ancy of the sheet is such as to maintain the plants above the surface of the water in the trough throughout the growth 
25 cycle. 

U.S. Patent 4,607,454 describes a floating bed for hydroponically germinating seeds. The floating bed is floatable 
and is hydrophobic. 

U.S. Patent 4,531,324 describes a plant tissue culture device in which the cultures are maintained in culture wells 
on a porous wick which dips into a liquid medium and transports nutrients and water to the cultures. 
30 U.K. Patent 2,014,836 describes a method for producing a stand of plants in which a buoyant inert base is covered 
with an absorbent material and floated on a trough of liquid. The ends of the absorbent material extend beyond the base 
and dip into the liquid, thereby transporting nutrients and water to seeds on the surface of the absorbent material. 

EP-A-514558 describes apparatus for growing plants on a liquid medium in which the plant material is supported 
in a plant container whose bottom surface is a bonded fibre fabric which is easily penetrated by roots. The fabric of the 
35 plant container is continuously supported in the air at a defined height above the liquid surface, by means of a buoyant 
element floating on the liquid medium. 

SUMMARY OF THE INVENTION 

40 The present invention seeks to provide apparatus for plant cell tissue culture in accordance with claim 1 of the 
appended claims. 

There is thus provided in accordance with a preferred embodiment of the present invention apparatus for plant cell 
tissue culture including a plant growth enclosure having a bottom surface formed of a porous material, a buoyant ele- 
ment, separate from the plant growth enclosure and arranged to be placed thereunder in a body of liquid for supporting 
45 the plant growth enclosure, and spacer apparatus associated with at least one of the plant growth enclosure and the 
buoyant element for maintaining a predetermined separation between the buoyant element and the porous material. In 
accordance with one embodiment of the invention, the spacer apparatus is integrally formed with the buoyant element. 
Alternatively, the spacer apparatus may be integrally formed with the enclosure. 

Additionally the present invention provides a method for plant growth including the steps of: 

50 

placing plant material in a plant growth enclosure having a bottom surface formed of a porous material and having 
a buoyant element associated therewith; 

placing the plant growth enclosure in a body of liquid for supporting the plant growth enclosure; the method being 
characterized in that it includes the following steps: 
55 forcing the plant growth enclosure into the body of liquid such that the porous material is wetted; and 

allowing the plant growth enclosure and the buoyant element to rise partially out of the body of liquid such that the 
porous material lies above an upper surface of the body of liquid but remains in contact with the upper surface of a 
meniscus of the body of liquid. 



3 



I f 



EP 0 692 929 B1 

In a preferred embodiment of the present invention, the buoyant element is sufficiently buoyant to keep the porous 
material from being flooded at all stages of growth of the plant material in the plant growth enclosure. 

In a preferred embodiment of the present invention, when the porous material is not wetted, the apparatus will float 
on an aqueous surface without the porous material touching the surface, but when the porous material is wetted, the 
5 porous material base of the device remains in fluid communication with the aqueous surface. 

In a preferred embodiment of the present invention the container and flotation apparatus are constructed such that 
when the porous material is wetted, a force in excess of 0.01 dynes/sq.cm. is required in order to lift the base out of fluid 
engagement from the surface of tissue culture medium. 

Further in a preferred embodiment of the present invention there is also provided divider apparatus disposed to 
10 divide the container into a plurality of cells, each communicating with a portion of the porous material and each being 
suitable for growing a single plant. 

Preferably the flotation apparatus is removably attached to the frame. 

In a preferred embodiment of the present invention the porous material includes a microporous polyolefin film of 
largest estimated pore size between 0.2 and 0.5 microns. Additionally the porous material comprises a nonwoven fabric 
75 characterized by an air flow of 11 -31 Gurley seconds. 

Preferably the nonwoven fabric has been uniformly needlepunched to produce a multiplicity of pores whose pore 
size lies between 25 microns and 2000 microns. 

In another preferred embodiment of the present invention, the porous material contains a multiplicity of pores uni- 
formly distributed over the surface, whose pore size distribution lies in the range between 0.02 microns and 1 0 microns. 
20 Further in another preferred embodiment of the present invention, the porous material is characterized by a bimo- 
dal distribution of pores uniformly divided over the surface, whose lower pore size distribution lies in the range between 
0.02 microns and 10 microns, and with a second distribution lying between 1 1 microns and 2000 microns. 

Preferably the porous material also contains a multiplicity of pores uniformly distributed over the surface, whose 
pore size distribution lies in the range between 0.02 microns and 10 microns, and whose surface contains an additional 
25 multiplicity of pores lying in the range of 25 microns to 2000 microns, only on those portions of the surface correspond- 
ing to the cells. 

In a preferred embodiment of the present invention, the porous material contains perforations which are congruent 
with the divider apparatus. 

Preferably the divider apparatus defines sharp edges on their face adjacent to the porous material, for cutting the 
30 porous material upon application of sufficient force. 

Additionally in a preferred embodiment of the present invention the amount of fluid fed to plant cells growing on the 
porous material can be variably adjusted via adjustment of (a) the flotation force which is in excess of the original dis- 
placement weight of the raft and (b) the hydraulic permeability of the porous material. 

For example, a quantity of a given plant tissue to be cultured on the raft has an initial weight of x grams, and it is 
35 advantageous that the tissue is in direct contact with w grams per day of liquid nutrient, after it has grown to a weight of 
approximately 2x. 

The area of the porous material of the raft to be used is chosen such that its force of adhesion is at least x. The 
flotation apparatus is designed to have an excess flotation force (total flotation less the weight of the raft) of x. Thus at 
the point that the weight of the growing tissue reaches 2x, the raft is applying a pressure equal to the weight x divided 
40 by the raft area. Since the pressure, area, and flow rate, w grams per day, are all defined, the required hydraulic perme- 
ability is calculated for an appropriate porous material. 

In accordance with a preferred embodiment of the present invention there is provided flotation apparatus similar to 
that of a catamaran, below the porous material. This provides an upward displacement which is in excess of the weight 
of the raft and its initial cell contents, such that the raft initially floats with the porous surface above the liquid surface. 
45 By making the excess displacement force less than the force required to remove the wetted porous surface from the 
liquid surface, the raft will float in direct contact with the surface only after it is pressed into contact with the liquid. 

An examination of the force balance indicates than the meniscus of the liquid/porous material interface is above 
that of the remainder of the liquid. Thus the direction of any liquid flow is out of the raft, rather then into it as in the prior 
art. Membranes which would cause a prior art raft to quickly sink can be used in the present invention. 
so Apart from simply broadening the number of useful materials available for use in preparing rafts, the present inven- 
tion enables use of membranes with larger pore sizes thus improving the rates of transport of both nutrients and plant 
generated toxins. This results in increased rates of growth, and healthier plants. 

If some of the pores are in excess of 10 microns, the raft can be effectively used for the growth stage at which root- 
lets are allowed to develop. The rootlets can penetrate the porous material and anchor into it, while gaining access to 
55 the liquid medium below. 

This feature of the invention makes it specifically useful for mechanization of the tissue culture process. By making 
these large pores or apertures only in predetermined locations, the plants can be easily separated for planting. The 
separation can be aided by a precut pattern of lines along which the porous material can be torn. This avoids any dam- 



4 



,r r 

EP0 692 929 B1 

age to the roots of the plants, and the piece of porous material in which the roots are embedded remains with the plant. 

According to a preferred embodiment of the invention there is provided a floating support system for the growth of 
plant cells or micropropagules using liquid nutrient culture techniques. 

The system comprises an open container for growing plant tissue, whose side surfaces, or frame, forms a closed 
5 space, and whose bottom surface is composed of a water wettable porous material capable of physically supporting the 
plant tissue to be cultured, and which allows the transport of water and nutrients. The bottom surface should be char- 
acterized by a wetting energy such that the force to remove 1 square centimeter of material from the surface of water 
is at least equal to 0.01 grams. The bottom is hermetically sealed to the frame, and liquid can enter the container only 
through the pores in the bottom surface. Flotation pontoons are located exterior to the container, beneath the porous 
io material, and attached to extensions of the frame. In the specification, the container and pontoons will be referred to 
jointly as a raft. 

The displacement force of the flotation pontoons is such that it is less than, or at most equal to, the combined weight 
of the raft plus its initial charge of plant tissue, plus the force required to remove the entire porous bottom from the sur- 
face of the liquid culture medium to be used. 

15 Operation of the system preferably requires that the raft be placed with its pontoons resting in liquid nutrient 
medium appropriate for the tissue to be cultured. After plant tissue is placed on the porous bottom, the raft continues to 
float with the porous bottom out of contact with the liquid surface. By the application of a downward force to the frame 
of the raft the porous bottom is brought into contact with the liquid, and the raft remains floating on the surface by virtue 
of the interfacial forces between the porous bottom and the liquid. 

20 The geometry of the system is determined principally by the requirements that it fit within the desired growth cham- 
ber containing the liquid medium and that it have appropriate clearances from the walls thereof to enable the raft to float 
freely. To maintain its hydronautic stability, the raft should possess at least one plane of symmetry. 

Thus, in one embodiment, the raft is rectangular or square, with a single flotation pontoon attached to the frame at 
each of two opposing faces. In a second embodiment the frame of the raft is circular, and the pontoon is either a single 

25 element or is formed in multiple sections arranged about the frame perimeter. In this case, the extensions, which attach 
the frame to the pontoons, should have openings just below the porous bottom. The purpose of the openings is to allow 
air to escape when the downward force is applied to the frame of the raft, and to avoid entrapping air which would pre- 
vent the porous bottom from touching the liquid surface. 

Another embodiment differs from the above-described embodiments in that divider elements rest on the upper sur- 

30 face of the porous bottom such that they create a checkerboard pattern of specific locations for culturing individual 
plants. A further embodiment is similar to the foregoing, differing only in that the porous bottom at the center of the spe- 
cific locations possesses a minority of pores or apertures large enough to allow penetration of rootlets, and a majority 
of pores or apertures which do not. In this way, the plants are forced to grow with their roots at well defined locations, 
which is important to the ease of their later separation, without damage to the plants. 

35 Yet a further embodiment is similar to the preceding embodiment, differing only in that the porous bottom contains 
perforations congruent with the pattern of the divider elements. The perforations are of a size and density which makes 
it possible at the end of the culturing process to easily tear or break the porous bottom into sections each containing a 
single plant. 

The divider elements may be constructed to be sharp, so as to cut the porous bottom into individual sections upon 
40 application of sufficient force. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the following detailed description, taken 
45 in conjunction with the drawings in which: 

Fig. 1 is a three dimensional perspective of a rectangular embodiment of the raft system of the present invention; 
Fig. 2 is cross sectional view of another embodiment of pontoons useful in the present invention; 
Fig. 4 is a schematic diagram illustrating the force balance maintaining the raft of the present invention at the sur- 
so face of the liquid; 

Fig. 5 is a schematic of the experimental apparatus used to measure the force per unit area required to remove 
porous materials from the surface of water; 

Fig. 6 is a typical experimental result of the measurement of the force per unit area required to remove porous 
materials from the surface of water; 
55 Fig. 7 is a three dimensional perspective view of a circular embodiment of the raft system of the present invention; 
Fig. 8A is a top plan view, and Fig. 8B is a cross sectional view, of divider elements resting on the porous material 
of the present invention; 

Fig. 9 is a top plan view of another embodiment of porous material and divider elements useful in the present inven- 
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tion; 

Fig. 10 is a top plan view of yet another embodiment of the porous material of the present invention; 

Fig. 1 1 is a cross sectional view of another embodiment of the divider elements and porous material of the present 

invention; 

s Figs. 12, 13 and 14 are simplified illustrations of plant growth apparatus constructed and operative in accordance 

with a preferred embodiment of the present invention; 

Fig. 15 is a simplified illustration of part of the plant growth apparatus of Figs. 12, 13 and 14; and 

Figs. 1 6A, 1 6B, 1 6C, 1 6D and 1 6E are illustrations of various stages in a plant growth technique in accordance with 

a preferred embodiment of the present invention. 

w 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Throughout the description which follows, identical elements have been given like index numerals. Reference is first 
made to Fig. 1 wherein a rectangular embodiment of the present invention is illustrated in complete form. The raft com- 

15 prises an open container 20, with walls formed by a frame 22, and a porous bottom 24, made from a wettable porous 
film, fabric, mesh, or laminate of such elements, and which has been sealed to the bottom perimeter of frame 22 in liq- 
uid tight fashion so that liquid can only enter container 20 through the pores of porous bottom 24. Attached to the frame 
22, at two opposite faces are struts 26, to which are attached flotation pontoons 28. 

The lateral dimensions of the frame 22 are determined by the vessel in which the plants will be grown. The frame 

20 height 30, is the minimum necessary to keep liquid from spilling into the container 20 when the plants have grown to a 
weight in excess of the flotation provided by the pontoons. The thickness of the frame 32, is guided by considerations 
of maximization of the enclosed porous material surface available for growing, minimization of the weight (and cost), 
and provision of a surface for sealing the porous bottom 24 to the frame. For this reason, the bottom edge of the frame 
22 may be given a lip 34, extending into the enclosed area, to minimize the overall frame thickness 32, but provide ade- 

25 quate seal area. 

Frame 22 lends itself well to being molded of a plastic material which can withstand multiple sterilization by gamma 
radiation or by autoclaving in steam at 120 degrees Celsius for 20 minutes. For example, polyethylene is excellent for 
multiple sterilization by gamma radiation, while polypropylene is suitable for sterilization in an autoclave. Both materials 
are inert and do not contain materials which are phytotoxic. 

so This first embodiment is preferable for the stage of plant tissue culture known as multiplication, in which a smooth 
uniform surface is desirable. The porous bottom 24 can be made from any water wettable, uniformly porous material 
possessing pores in the pore size range of 0.02 to 2 microns, and which requires a force of 0.01 grams or more per 
square centimeter of material to be removed from the surface of the liquid. This includes, but is not limited to, porous 
plastic films, foams, paper, ceramics, metal foils, and nonwovens from synthetic or natural fibers. 

35 The preferred pore size range for porous bottom 24 is 0.2 to 2 microns, and microporous films or nonwoven fabrics 
made from polyethylene or polypropylene or their mixture are preferable due to their sterilization properties and ease of 
welding to the frame. Since transport properties of the film are dependent on the total porosity, materials with a uniform 
distribution of pores and a fractional surface porosity of 0.3 or greater will be preferred. 

A specific example of a porous polypropylene film available in this pore size range is that manufactured by Hoechst 

40 Celanese, Charlotte NC, under the trade name Celgard. A specific example of a polyethylene nonwoven fabric of suit- 
able pore size range is Tyvek style 1059B, DuPont Company, Wilmington DE. In both cases the materials must be made 
wettable by incorporation of a nontoxic wetting agent, such as L-77, Union Carbide, NY. 

Numerous techniques are known in the art for sealing the porous bottom 24 to the frame, and these include adhe- 
sives, heat sealing, ultrasonic sound, r.f. welding, and insert molding. The method best suited to the system depends 

45 on considerations such as cost, nature of the materials chosen, and sterilization requirements, all of which are well 
known in the art. 

The design and location of the struts 26 and pontoons 28 is guided by considerations of weight, and maximization 
of the growing area within the sterile container in which the raft and liquid medium are placed. If the struts are made as 
thin as possible, and the pontoons are placed directly below the porous material surface, as in Fig. 1, the raft can 
so approach the walls of the vessel with a minimum distance. This maximizes growing area, an issue of significant eco- 
nomic importance. 

The struts 26 need not be permanently adhered or welded to the frame 22, or to the pontoons 28 but can be indi- 
vidually fabricated and connected with snap fixtures, or molded sockets as is well known in the art. In addition, the pon- 
toons 28 need not be in two sections, but could be a single slab as illustrated by pontoon 28 in Fig. 2. 
55 The distance, d, of the pontoons from the porous bottom 24 can be important, because it could trap air and prevent 
liquid from reaching the porous bottom 24. Its value depends on the sensitivity of the plants being grown and the porous 
bottom 24 used. If porous bottom 24 wicks fluid sufficiently fast and the plant use is relatively low, air bubbles below the 
porous bottom 24 may be allowable. However, the preferred embodiment is likely one with a value of d which is 1 mm or 
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more. 

The displacement volume of the flotation pontoons is a critical aspect of the operation of the present invention. A 
force balance diagram, illustrated in Fig. 4, is useful to understand this point. It also serves to provide a useful contrast 
to the previous art. 

5 Let F1 equal the downward force exerted by the weight of the raft, and F3 equal the upward force equal to the net 
weight of the volume of water displaced, Vp, less the weight of the pontoons. Let D equal the distance from the original 
surface of the liquid which the porous bottom 24 achieves at any time t. Our convention will be that values of D above 
the surface are negative, and below the surface positive, since the usual case is for boats or rafts to sink into the liquid. 

10 F3 = (Vp x 0.98 - weight of pontoons) (1) 

In the conventional art with no pontoons, the raft or boat, sinks to distance D in which the following equation holds: 

F1 = D x A x density of liquid (2) 

75 

where A is area of the raft, and F1 equals the weight of the container 20 plus the initial charge of plant tissue. 

Pontoons with a displacement greater than the weight of the raft (i.e. -F3 > F1) would normally cause the device to 
float with its base out of the liquid. For cell culture, this design should therefore be unacceptable, since the cells must 
derive their sustenance from contact with the liquid medium through the porous bottom 24. 
20 However, a very significant elastic force, F2, can exist between the porous bottom 24 and the liquid. Its magnitude 
depends on the lift distance, according to the equation: 

F2 = - K x Dl x A (3) 

25 where K is a constant dependent on the interfacial energy of the porous bottom 24 and the liquid, with dimensions 
dynes/cc, A is surface area, and Dl is the distance by which the meniscus is raised above the surface layer of the liquid. 

This additional elastic force provides the force balance at the surface illustrated in Fig. 4, once the porous bottom 
24 has been forced into contact with the liquid by the application of some external force. As a result of the new force 
balance, the porous bottom 24 remains in constant contact with the liquid, even after the external force has been 

30 removed. 

Force F2 is measured with a transducer to which a platinum ring is suspended. The ring serves to support a 25mm 
circle of porous bottom 24 material, which can be raised or lowered into the liquid below, as illustrated in Fig. 5. The 
porous bottom 24 sample material is allowed to just float on the surface of the water, and then the ring slowly lifts the 
porous bottom 24 material from the interface as the cup is lowered. The resultant force is recorded as an electrical out- 
35 put as illustrated in Fig. 6. 

The magnitude of the force necessary to remove the porous bottom 24 material from the surface, Fmax, is shown 
in Table I for different materials. 

Thus the maximum volume permitted for the pontoons is derived from the equation: 

40 Fmax + F1 « -F3 = (Vp x 0.98 - weight of pontoons) (4) 

Thus, if the force of additional flotation is restricted to just less than the elastic force between the liquid surface and 
the porous bottom 24, the porous bottom 24 continues to float without an upward hydraulic flow until the weight of the 
plant growth exceeds Fmax. This can be advantageous, because at a later stage in their development it may be desir- 
45 able to supply the plants with more fluid. At the point that Fmax is exceeded, the level of the raft will sink and liquid will 
be forced through the porous bottom 24. By designing Vp to be equal to the weight of raft plus that of the grown plants 
at the time more fluid is desirable, the growth of the plants can be optimized. 

The pontoons lend themselves well to be fabricated from a solid plastic foam of low density, or with a thin solid plas- 
tic wall and hollow interior. The choice depends only on the preferred method of manufacture and the type of steriliza- 
50 tion to be used. For steam sterilization, the latter may be preferable due to its mechanical strength. 
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Table I 



Force required to remove various microporous membranes from the surface of water 


Membrane Type 


Fmax (g/square cm) 


Polysulphone, 0.45 micron 
Polysulphone, 0.2 micron 

Polypropylene, 0.45 micron (made wettable with surfactant) 


0.53 
0.39 
0.41 



The embodiments of the rafts illustrated in Figs. 1 and 2 are rectangular or square, because the plant growth con- 
tainer for the liquid medium chosen is of this design. Circular designs are suitable for circular jars which are also used 
15 as plant growth containers, and such an embodiment is illustrated in Fig. 7. The surface of the porous bottom 24 may 
also be subdivided into a plurality of individual cells 36 each containing a single plant, by divider elements 38, as illus- 
trated in Fig. 8. 

The embodiments illustrated in Fig. 1 and 7 are preferable for the "multiplication" stages of tissue culture, in which 
root systems are not yet expressed. For the stage in which roots are generated, it is very useful for the porous bottom 

20 24 to have pores or apertures which are large enough for plant rootlets to penetrate through the porous bottom 24. The 
root system is thereby immersed in liquid, while the upper portion of the plantlet is mechanically anchored. This embod- 
iment is also preferred when the harvested material is the root of the plant. 

For this application it is possible to choose a material for porous bottom 24 which has a random pore size distribu- 
tion over the surface, with pores large enough to be penetrated by the finest rootlets, which are usually about 10 

25 microns in diameter. However, a preferable choice is one in which the pores large enough for root penetration are at well 
defined locations. This will simplify the process of later separating the plants without causing any damage or trauma 
which would reduce their ability to survive rooting in soil when they are transferred. Thus the embodiment illustrated in 
Fig. 9 is substantially identical to Fig. 8, except that a number of large pores 40, of pore size range between 10 microns 
and 1 mm have been made in the porous bottom 24 in the middle area of cells 36. The use of a needle punched film or 

30 nonwoven fabric is a preferred for this embodiment, since the density, size and location of the large pores can be easily 
controlled. 

Another embodiment of the porous bottom 24 of the present invention is illustrated in Fig. 10, in which the material 
of the porous bottom 24 has been given a pattern of perforations 42 which are congruent with the pattern of divider ele- 
ments 38 of Fig. 9. This pattern of perforations makes it possible to later tear the porous bottom 24 and separate the 
35 plants without damage to the roots. 

Another embodiment of the present invention is substantially identical to Fig. 9, except that the divider elements 38, 
illustrated in Fig. 1 1 , have been given a razor sharp knife-edge 44, such that when sufficient force is applied, porous 
bottom 24 will be cut into pieces the size of cells 36. In this embodiment, porous bottom 24 is preferably made of a plas- 
tic film, paper or nonwoven fabric. 

40 

Example 1 . 

A membrane raft 10cm x 10cm was fabricated by attaching a 0.2 micron pore size polyolefin microporous mem- 
brane to the bottom of a polypropylene frame 1 .5 cm high and 0.2 cm thick. The weight of the membrane and frame was 
45 1 3.6g. No pontoons for flotation were attached. The membrane had a treatment with a surfactant which rendered it wet- 
table by water, and the raft floated initially with a displacement depth of approximately 2-3mm in the water. After 48 
hours, the volume of the raft was completely filled with water. 

Example 2. 

50 

To the raft of example 1 , square pontoons fabricated from polyethylene foam were attached with struts 3cm long. 
The pontoons gave a total displacement of 26g of water. The raft floated initially with the membrane several millimeters 
above the surface of the water. Upon application of sufficient force to cause immersion of the membrane, and move- 
ment of the raft to displace trapped air bubbles, the catamaran remained in continuous contact with the surface for more 
55 than 18 days. During this time it did not accumulate any liquid on its surface. 
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Example 3. 

The catamaran raft design of example 2 was used to grow banana plants from cell culture. Twenty rafts were pre- 
pared and compared to a like number of agar controls. Both the rate of growth and the quality of plants produced on the 
5 catamaran was superior to the agar control. One raft which had a mechanical split in the membrane showed no ill 
effects of the tear, and growth was identical to the remainder of the plants. 

Example 4. 

10 The raft design of example 2 was fabricated with a porous material composed of mixed polyolef in fibers, which had 
been spun bonded into a nonwoven fabric, calendered and needle punched, (commercial name, Tyvek, style 1621, 
Dupont Corp.), to yield a bimodal pore size distribution. The small pore size distribution is estimated to mostly lie in the 
range of 0.5-5.0 microns, while the large pore size distribution created by needlepunching is in the range of 30 - 100 
microns. The porous material was rendered hydrophilic by treatment with a surfactant. After the raft was pressed into 

is contact with the water surface, it adhered to the surface without the continued application of additional force and con- 
tinued to float without the accumulation of fluid on its surface even after 96 hours. 

Example 5, 

20 The following is an example of the method to modify raft design to adjust the amount of fluid fed to plant cells: 

Growth of an initial charge of 10 grams of plant tissue per raft is desired. After the plant tissue weight reaches 20 
grams, a liquid flow of 0.5 cc per day is optimal. 

Assume a minimum value of Fmax is 0.2 gram/sq.cm exists for ail porous materials available. An area of 55 square 
cm. will provide the necessary surface adhesion. If the weight of the frame and pontoons is 25 grams, then pontoons 
25 with 45 grams of flotation force are necessary (weight of raft + initial charge of plant tissue). A porous material with a 
hydraulic permeability of 0.00058 cc/square-cm/atmosphere/sec is chosen as the porous material bottom. 

Reference is now made to Figs. 12-14 which illustrate three alternative structures which exemplify plant growth 
apparatus constructed and operative in accordance with a preferred embodiment of the present invention. 

As illustrated in Fig. 12, the plant growth apparatus comprises an enclosure 52 having a porous bottom surface 54 
30 formed of a membrane such as that described in Example I hereinabove. The enclosure 52 is removably supported on 
a buoyant element 56 having an aperture 57 and having integrally formed therewith corner elements 58 defining spac- 
ers. The enclosure 52 is supported on elements 58 and thus spaced from the remainder of the buoyant element 56. 

As illustrated in Fig. 13, the plant growth apparatus comprises an enclosure 62 having a porous bottom surface 64 
formed of a membrane such as that described in Example I. The enclosure 62 is removably supported on a buoyant 
35 element 66 having an aperture 67. Here the enclosure 62 has integrally formed therewith a plurality of spacers 68. The 
enclosure 62 is supported on spacers 58 and thus spaced from the buoyant element 66. 

Reference is now made to Fig. 14 which illustrates plant growth apparatus comprises an enclosure 72 having a 
porous bottom surface 74 formed of a membrane such as described hereinabove in Example I. The enclosure 72 is 
removably supported on a buoyant element 76 having an aperture 77. Here both the enclosure 72 and the buoyant ele- 
40 ment 76 have integrally formed therewith a plurality of spacers 78 and 79 respectively. The enclosure 72 is supported 
on spacers 78 and 79 respectively in which spacer 78 fits into a recess in spacer 79 and thus is spaced from the buoy- 
ant element 76. 

Fig. 15 illustrates a preferred embodiment of enclosure 80 in which the side walls 82 are separate from the bottom 
surface 84. In this preferred embodiment, the side walls 82 are formed as an integrally formed rectangular unit having 
45 a peripheral inward facing ledge 86. The bottom surface is defined by a membrane 87, such as described hereinabove 
in Example I which is supported on a frame 88. Frame 88 rests on peripheral ledge 86. 

Reference is now made to Figs. 16A - 16E, which illustrate a technique for plant growth in accordance with a pre- 
ferred embodiment of the present invention. 

Initial steps include placing plant material in a plant growth enclosure assembly 100 having a bottom surface 
so formed of a porous material and a buoyant element, such as the enclosure assemblies of any of Figs. 12-14. The plant 
growth enclosure may be placed on a body of liquid, as illustrated in Fig. 16A. 

Thereafter, the plant growth enclosure assembly is forced downwardly into the body of liquid such that the porous 
material at the bottom surface of the enclosure assembly 100 is wetted, as illustrated in Fig. 16B. 

The plant growth enclosure assembly 100 is then allowed to rise partially out of the body of liquid such that the 
55 porous material lies above an upper surface of the body of liquid but remains in contact with the upper surface of a 
meniscus of the body of liquid, as seen in Fig. 16C. 

Subsequent growth of the plants in enclosure assembly 100 causes the assembly 100 to move lower in the body 
of liquid, as seen in Fig. 16D and Fig. 16E. In accordance with a preferred embodiment of the present invention, the 
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buoyant element is sufficiently buoyant to keep the porous material from being flooded at all stages of growth of the 
plant material in the plant growth enclosure. 

It will be appreciated by persons skilled in the art that modifications may be made in the invention without departing 
from the spirit thereof. 

5 

Claims 

1 . Apparatus for plant cell tissue culture including: 

10 a plant growth enclosure (20) having a bottom surface (24) formed of a porous material; and 

a buoyant element (28) separate from the plant growth enclosure (20) and arranged to be placed thereunder 
in a body of liquid for supporting the plant growth enclosure (20); 

characterized in that the apparatus further comprises 
spacer apparatus (26) associated with at least one of the plant growth enclosure (20) and the buoyant element 

15 (28) for maintaining a predetermined vertical separation between the buoyant element and the porous material 

and defining a vertical gap between the enclosure and the buoyant element operative to prevent air from being 
trapped below the porous material when, after the porous material is forced into the body of liquid such that it 
is wetted, the plant growth enclosure (20) rises partially out of the body of liquid such that the porous material 
lies above an upper surface of the body of liquid but remains in contact with the upper surface of a meniscus 

20 of the body of liquid. 

2. Apparatus according to claim 1 and wherein said spacer apparatus (26) is integrally formed with the buoyant ele- 
ment (28). 

25 3. Apparatus according to claim 1 and wherein said spacer apparatus (26) is integrally formed with the enclosure (20). 

4. Apparatus according to claim 1 and wherein said spacer apparatus (26) is partially defined by both the buoyant ele- 
ment (28) and the enclosure (20). 

30 5. A method for plant growth including the steps of: 

placing plant material in a plant growth enclosure (20) having a bottom surface (24) formed of a porous mate- 
rial and having a buoyant element (28) associated therewith; and 

placing the plant growth enclosure (20) in a body of liquid for supporting the plant growth enclosure (20), 
35 the method being characterized in that it includes the following steps: 

forcing the plant growth enclosure (20) into the body of liquid such that the porous material (24) is wetted; and 
allowing the plant growth enclosure (20) and the buoyant element (28) to rise partially out of the body of liquid 
such that the porous material lies above an upper surface of the body of liquid but remains in contact with the 
upper surface of a meniscus of the body of liquid. 

40 

6. A method according to claim 5 wherein said buoyant element (28) is sufficiently buoyant to keep the porous mate- 
rial (24) from being flooded at all stages of growth of the plant material in the apparatus. 

7. Apparatus according to claim 1 wherein said buoyant element (28) is sufficiently buoyant to keep the porous mate- 
45 rial (24) from being flooded at all stages of growth of the plant material in the plant growth enclosure (20). 

8. Apparatus according to claim 1 wherein said plant growth enclosure (20) comprises a separate side wall element 
(22) and a separate porous bottom surface element (24). 

so 9. Apparatus according to claim 8 and wherein said bottom surface element (24) is supported on said wall element 
(22) and removable therefrom. 

10. Apparatus according to claim 1 and wherein said plant growth enclosure (20) and buoyant element (28) are con- 
structed such that when said porous material is wetted, pressure in excess of 0.01 dynes/sq.cm is required in order 

55 to lift the plant growth enclosure (20) from the surface of a body of liquid constituting a tissue culture medium. 

11. Apparatus according to claim 1 and also comprising divider means (38) disposed to divide the enclosure (20) into 
a plurality of cells (36), each communicating with a portion of porous material and each being suitable for growing 
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a single plant. 

12. Apparatus according to claim 1 and wherein said buoyant element (28) is removably attached to the enclosure (26). 

5 13. Apparatus according to claim 1 and wherein said porous material comprises a microporous polyolef in film of largest 
estimated pore size between 0.2 and 0.5 microns. 

14. Apparatus according to claim 1 and wherein said porous material comprises a polyolef inic nonwoven fabric char- 
acterized by an air flow of 1 1 -31 Gurley seconds. 

w 

15. Apparatus according to claim 14 wherein the polyolef inic nonwoven fabric has been uniformly needle punched to 
produce a multiplicity of pores whose pore size lies between 25 microns and 2000 microns. 

16. Apparatus according to claim 1 and wherein the porous material contains a multiplicity of pores uniformly distrib- 
is uted over the surfacer, whose pore size distribution lies in the range between 0.02 microns and 10 microns. 

17. Apparatus according to claim 1 and wherein said porous material is characterized by a bimodal distribution of pores 
uniformly divided over the surface, whose lower pore size distribution lies in the range between 0.02 microns and 
10 microns, and with a second distribution lying between 1 microns and 2000 microns. 

20 

18. Apparatus according to claim 1 1 wherein said porous material also contains a multiplicity of pores uniformly distrib- 
uted over the surface, whose pore size distribution lies in the range between 0.02 microns and 10 microns, and 
whose surface contains an additional multiplicity of pores lying in the range of 25 microns to 2000 microns, only on 
those portions of the surface corresponding to the said cells. 

25 

19. Apparatus according to claim 1 1 or claim 18 wherein said porous material contains perforations which are congru- 
ent with said divider means (38). 

20. Apparatus according to claim 1 1 in which the divider means (38) define sharp edges on their face adjacent to the 
30 porous material, for cutting the porous material upon the application of sufficient force. 

21 . A method of variably adjusting the amount of fluid fed to plant cells growing in the apparatus of any of claims 1 to 
4 or 7 to 20 via adjustment of (a) the flotation force which is in excess of the original displacement weight of the 
apparatus and (b) the hydraulic permeability of the porous material. 

35 

22. A method for plant growth according to claim 5 including the steps of: 

placing plant material of weight X in an apparatus according to claim 1 of weight Y having a bottom surface (24) 
of surface area A formed of a porous material with a hydrophilic surface and a buoyant element (28) having a 
40 buoyancy of Z where Z > X + Y ; 

placing the apparatus on a body of liquid for supporting the apparatus the body 
of liquid having a force of adhesion per unit area to the surface of the porous material is B, where 

Z - (X + Y) < A x B 

forcing the apparatus into the body of liquid such that the porous material is wetted; and 
releasing the apparatus and allowing it to rise partially out of the body of liquid such that the porous material 
lies above an upper surface of the body of liquid but remains in contact with the upper surface of a meniscus 
of the body of liquid. 

Apparatus according to claim 1 including: 

a plant growth enclosure assembly of weight Y having a bottom surface (24) of surface area A formed of a 
porous material with a hydrophilic surface supported by a buoyant element (28) having a buoyancy of Z where 
55 Z > X + Y and X is the weight of plant material placed in the plant growth enclosure, wherein the bottom sur- 

face is separated vertically from the buoyant element by a spacer element; 

a body of liquid for supporting the plant growth enclosure, the body of liquid having a force of adhesion per unit 
area to the surface of the porous material of B, where 
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Z - (X + Y) < Ax B 

wherein, after the porous material is forced into the body of liquid such that it is wetted, the plant growth enclo- 
sure rises partially out of the body of liquid such that the porous material lies above an upper surface of the 
5 body of liquid but remains in contact with the upper surface of a meniscus of the body of liquid. 

Patentanspruche 

1. Anordnung fur Pflanzenzellgewebekultur, umfassend: 

w 

einen Pflanzenzuchtbehaiter (20) mit einer aus einem porOsen Material geformten Bodenflache (24) 
und einen vom Pflanzenzuchtbehaiter (20) getrennten SchwimmkGrper (28), der fur Plazierung darunter in 
einem FlussigkeitskOrper zum Tragen des Pflanzenzuchtbehalters (20) angeordnet ist, 
dadurch gekennzeichnet, daB die Anordnung ferner umfaBt: 

15 eine mindestens einem Element aus Pflanzenzuchtbehaiter (20) und Schwimmkflrper (28) zugeordnete 

Abstandhaltervorrichtung (26) zum Aufrechterhalten eines vorbestimmten vertikalen Abstands zwischen dem 
SchwimmkOrper und dem porOsen Material und zum Festiegen eines vertikalen Spalts Oder Zwischenraums 
zwischen dem Behalter und dem Schwimmkdrper, wirksam zur Verhinderung eines Lufteinschlusses unter 
dem porOsen Material, wenn der Pflanzenzuchtbehaiter (20), nachdem das por6se Material in den Flussig- 

20 keitskflrper hineingedruckt worden ist, so daB es benetzt ist oder wird, teilweise aus dem FliissigkeitskOrper 

heraus hochsteigt, derart, daB das porfise Material oberhalb einer Oberflache des FlussigkeitskGrpers liegt, 
aber mit der Oberflache eines Meniskus des Flussigkeitskttrpers in Beruhrung bleibt. 

2. Anordnung nach Anspruch 1 , wobei die Abstandhaltervorrichtung (26) mit dem SchwimmkOrper (28) materialein- 
25 heitlich geformt ist. 

3. Anordnung nach Anspruch 1 , wobei die Abstandhaltervorrichtung (26) mit dem Behalter (20) materialeinheitlich 
geformt ist. 

30 4. Anordnung nach Anspruch 1 , wobei die Abstandhaltervorrichtung (26) teilweise durch sowohl den SchwimmkOrper 
(28) als auch den Behalter (20) festgelegt ist. 

5. Verfahren zum Zuchten von Pflanzen, umfassend die folgenden Schritte: 

35 Plazieren von Pflanzen material in einem Pflanzenzuchtbehaiter (20) mit einer aus einem porOsen Material 

geformten Bodenflache (24) und einem ihm zugeordneten SchwimmkOrper (28) und 
Plazieren des Pflanzenzuchtbehalters (20) in einem FlussigkeitskOrper zum Tragen des Pflanzenzuchtbehal- 
ters (20), 

welches Verfahren dadurch gekennzeichnet ist, daB es die folgende Schritte umfaBt: 
40 Hineindrucken des Pflanzenzuchtbehalters (20) in den FIQssigkeitskOrper, so daB das porOse Material (24) 

benetzt wird, und 

teilweises Hochsteigenlassen des Pflanzenzuchtbehalters (20) und des SchwimmkCrpers (28) aus dem Flus- 
sigkeitskOrper heraus, derart, daB das porttse Material uber einer Oberflache des Flussigkeitskc-rpers liegt, 
aber mit der Oberf lache eines Meniskus des FlussigkeitskOrpers in BerOhrung bleibt. 

45 

6. Verfahren nach Anspruch 5, wobei der SchwimmkGrper (28) ausreichenden Auftrieb aufweist, um das porfcse 
Material (24) in alien Phasen des Wachstums des Pflanzenmaterials in der Anordnung vor einer Uberflutung zu 
hindern. 

so 7. Anordnung nach Anspruch 1 , wobei der Schwimmkflrper (28) ausreichenden Auftrieb aufweist, um das porGse 
Material (24) in alien Phasen des Wachstums des Pflanzenmaterials im Pflanzenzuchtbehaiter (20) vor einer Ober- 
flutung zu hindern. 

8. Anordnung nach Anspruch 1, wobei der Pflanzenzuchtbehaiter (20) ein getrenntes Seitenwand element (22) und 
55 ein getrenntes poroses Bodenfiacheneiement (24) aufweist. 

9. Anordnung nach Anspruch 8, wobei das Bodenfiacheneiement (24) am Wandelement (22) getragen bzw. gehaltert 
und von ihm entfernbar ist. 
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10. Anordnung nach Anspruch 1, wobei der Pflanzenzuchtbehaiter (20) und der SchwimmkOrper (28) so konstruiert 
bzw. ausgestaltet sind, daB dann, wenn das porOse Material benetzt ist, ein Druck von mehr als 0,01 Dyne/cm 2 
nOtig ist, um den PfianzenzQchtbehalter (20) von der Oberflache eines ein Gewebekultur medium bildenden Flus- 
sigkeitskOrpers abzuheben. 

11. Anordnung nach Anspruch 1, ferner umfassend Teilermittel (38), die angeordnet sind zum Unterteilen des Behal- 
ters (20) in eine Anzahl von Zellen (36), die jeweils mit einem Abschnitt des porOsen Materials in Verbindung ste- 
hen und jeweils fur das Zuchten einer einzigen Pf lanze geeignet sind. 

12. Anordnung nach Anspruch 1, wobei der SchwimmkOrper (28) abnehmbar am Behaiter (26) (bzw. 20) angebracht 

ist. 

13. Anordnung nach Anspruch 1 , wobei das porOse Material eine mikroporOse Polyolefinfolie einer grOBten geschatz- 
ten PorengrOBe zwischen 0,2 und 0,5 um (microns) umfaBt. 

14. Anordnung nach Anspruch 1, wobei das porOse Material ein (nichtgewebtes) polyolefinisches Vlies umfaBt, das 
durch einen LuftdurchfluB von 11-31 Gurley-Sekunden gekennzeichnet ist 

15. Anordnung nach Anspruch 14, wobei das (nichtgewebte) polyolefinische Vlies gleichmaBig nadelgelocht worden 
ist, um eine Vielzahl von Poren, deren PorengrOBe zwischen 25 um und 2000 um liegt, zu erzeugen. 

16. Anordnung nach Anspruch 1, wobei das porOse Material eine Vielzahl von gleichmaBig uber die Oberflache ver- 
teilten Poren enthait, deren PorengrOBenverteilung im Bereich zwischen 0,02 um und 10 um liegt. 

17. Anordnung nach Anspruch 1, wobei das porOse Material gekennzeichnet ist durch eine zweifache (bimodal) Ver- 
teilung von gleichmaBig uber die Oberflache verteilten Poren, deren untere PorengrOBenverteilung im Bereich zwi- 
schen 0,02 um und 10 um liegt, wahrend eine zweite Verteilung zwischen 1 um und 2000 um liegt. 

18. Anordnung nach Anspruch 1 1 , wobei das porOse Material auBerdem eine Vielzahl von gleichmaBig uber die Ober- 
flache verteilten Poren enthait, deren PorengrOBenverteilung im Bereich zwischen 0,02 um und 10 urn Hegt, und 
seine (whose) Oberflache eine zusatzliche Vielzahl von Poren, die im Bereich von 25 - 2000 um liegen, nur an den 
Abschnitten der Oberflache, welche den Zellen entsprechen, enthait. 

19. Anordnung nach Anspruch 11 oder Anspruch 18, wobei das porOse Material Perforationen aufweist, die mit den 
Teilermitteln (38) ubereinstimmend oder deckungsgleich sind. 

20. Anordnung nach Anspruch 11, bei welcher die Teilermittel (38) an ihrer dem porOsen Material benachbarten Fta- 
che scharfe Kanten festlegen, um das porOse Material bei Ausubung einer ausreichenden Kraft zu (durch) schnei- 
den. 

21 . Verfahren zum variablen Einstellen der Fluidmenge, die in der Anordnung nach einem der Anspruche 1 bis 4 oder 
7 bis 20 wachsenden bzw. gezuchteten Pflanzenzellen zugefuhrt wird, durch Einstellung von (a) der Flotations- 
kraft, die uber dem ursprunglichen Verdrangungsgewicht der Anordnung liegt, und (b) der hydraulischen bzw. Was- 
ser-Durchiassigkeit des porOsen Materials. 

22. Verfahren zum Zuchten von Pflanzen nach Anspruch 5, umfassend die folgenden Schritte: 

Plazieren von Pflanzenmaterial eines Gewichts X in einer Anordnung nach Anspruch 1 mit einem Gewicht Y, 
mit einer Bodenf lache (24) einer (geometrischen) Oberflache A, geformt auf einem porOsen Material mit einer 
hydrophilen Oberflache, und mit einem SchwimmkOrper (28) eines Auftriebs Z, wobei Z > X + Y gilt, 
Plazieren der Anordnung auf einem FlussigkeitskOrper zum Tragen der Anordnung, welcher FlussigkeitskOrper 
eine Adhasionskraft pro Einheitsf lache zur Oberflache des porOsen Materials von (is) B aufweist, wobei gilt: 

Z - (X + Y) < A x B, 

Hineindrucken der Anordnung in den FlussigkeitskOrper, derart, daB das porOse Material benetzt wird, und 
Loslassen der Anordnung und teilweise Hochsteigenlassen derselben aus dem FlussigkeitskOrper heraus, 
derart, daB das porOse Material uber einer Oberflache des FlussigkeitskOrpers liegt, aber mit der Oberflache 
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eines Meniskus des FlussigkeitskOrpers in Beruhrung bleibi 
23. Anordnung nach Anspruch 1, umfassend: 

5 eine Pflanzenzuchtbehalteranordnung eines Gewichts Y, mit einer Bodenflache (24) einer (geometrischen) 

Oberflache A, geformt aus einem porOsen Material mit einer hydrophilen Oberflache, getragen von einem 
SchwimmkOrper (28) eines Auftriebs Z, wobei Z > X + Y gilt und X das Gewicht des in den Pf lanzenzuchtbe- 
hafter eingesetzten Pflanzenmaterials ist, wobei die Bodenflache durch ein Abstandhalterelement vertikal vom 
SchwimmkOrper getrennt ist, (und) 

10 einen FlussigkeitskGrper zum Tragen des Pf lanzenzuchtbehalters, welcher FlussigkeitskOrper eine Adhasions- 

kraft pro Einheitsf lache zur Oberflache des porOsen Materials von B aufweist, mit: 

Z-(X + Y)< AxB, 

75 wobei nach dem Hineindrucken des porOsen Materials in den FlussigkeitskOrper, so da(3 es benetzt ist oder 

wird. der Pflanzenziichtbehalter teilweise aus dem FlussigkeitskOrper hochsteigt, derart, da(3 das porose 
Material uber einer Oberflache des FlussigkeitskOrpers liegt, aber mit der Oberflache eines Meniskus des 
FlussigkeitskOrpers in Beruhrung bleibt. 

20 Revendications 

1 . Appareil pour culture tissulaire de cellules de plarrte, incluant : 

une boTte pour la croissance de plante (20) ayant une surface de fond (24) formee d'une matiere poreuse ; et 
25 un etement f lottant (28) separ6 de la bolte pour la croissance de plante (20) et arrange pour §tre place sous 

celle-ci, dans un corps de liquide pour supporter la boTte pour la croissance de plante (20) ; 

caracteris6 en ce que I'appareil comprend en outre 
un appareil espaceur (26) associe avec au moins Tun des cotes de la boTte pour la croissance de plante (20) 
et l'e!6ment flottant (28) pour maintenir une separation verticale pnkJ6termin6e entre lament flottant et la 
30 matiere poreuse et d6f inir un espace vertical entre la boTte et l'6l§ment flottant, operant pour empecher I'air 

d*§tre pi6g6 en dessous de la matiere poreuse lorsque, apres avoir force la matiere poreuse dans le corps de 
liquide de facon a I'humidif ier, la boTte pour la croissance de plante (20) s'eleve partieliement hors du corps de 
liquide, de sorte que la matiere poreuse se trouve au-dessus de la surface superieure du corps de liquide mats 
reste en contact avec la surface superieure dun menisque du corps de liquide. 

35 

2. Appareil selon la revendication 1 et dans lequel ledit appareil espaceur (26) forme un tout unitaire avec ('element 
flottant (28). 

3. Appareil selon la revendication 1 et dans lequel ledit appareil espaceur (26) forme un tout unitaire avec la boTte 
40 (20). 

4. Appareil selon la revendication 1 et dans lequel ledit appareil espaceur (26) est defini en partie tant par I'elGment 
flottant (28) que par la boTte (20). 

45 5. Proc6d6 pour la croissance de plante, incluant les 6tapes consistant : 

a placer une matiere de plante dans une boTte pour la croissance de plante (20) ayant une surface de fond (24) 
formee d'une matiere poreuse et ayant un element flottant (28) associe avec celle-ci ; et 
a placer la boTte pour la croissance de plante (20) dans un corps de liquide pour supporter la boTte pour la 
so croissance de plante (20), 

le procSde etant caracterise" en ce qu'il inclut les etapes suivantes consistant : 

a forcer la boTte pour la croissance de plante (20) dans le corps de liquide de sorte que la matiere poreuse (24) 
soit humidif i6e ; et 

a laisser la boTte pour la croissance de plante (20) et I'6l6ment flottant (28) s'elever partieliement hors du corps 
55 de liquide de sorte que la matiere poreuse se trouve au-dessus d'une surface superieure du corps de liquide 

mais reste en contact avec la surface superieure d'un menisque du corps de liquide. 

6. Procede selon la revendication 5, dans lequel ledit element flottant (28) est suff isamment flottant pour empficher la 
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mature poreuse (24) d'etre noy6e k tous les stades de la croissance de la matiere de plante dans I'appareil. 

7. Appareil selon la revendication 1 , dans lequel ledrt element flottant (28) est suffisammentflottant pour emp§cher la 
matiere poreuse (24) d'etre noyee k tous les stades de croissance de la matiere de piante dans la boTte pour la 

5 croissance de plante (20). 

8. Appareil selon la revendication 1 , dans lequel ladite boTte pour la croissance de plante (20) comprend un element 
de paroi lateYale s6par6e (22) et un element de surface de fond poreuse separ6e (24). 

10 9. Appareil selon la revendication 8 et dans lequel ledit element de surface de fond (24) est supports sur ledit element 
de paroi (22) et peut etre enleve de celui-ci. 

10. Appareil selon ia revendication 1 et dans lequel ladite boTte pour la croissance de plante (20) et I'element flottant 
(28) sont construits de sorte que lorsque ladite matiere poreuse est humidifiee, une pression depassant 0,01 

15 dyne/cm 2 est requise afin de soulever ia boTte pour la croissance de plante (20) de la surface d'un corps de liquide 
constituant un milieu de culture tissulaire. 

11 . Appareil selon la revendication 1 et comprenant aussi des moyens de division (38) disposes pour diviser la boTte 
(20) en une plurality de cellules (36), chacune communiquant avec une partie de la matiere poreuse et chacune 

20 etant appropriee pour faire pousser une seule plante. 

12. Appareil selon la revendication 1 et dans lequel ledit el 6ment flottant (28) est attache de facon amovible k la boTte 
(26). 

25 13. Appareil selon la revendication 1 et dans lequel ladite matiere poreuse comprend un film de polyolefine micropo- 
reux ayant une taille de pore la plus grande estimee entre 0,2 et 0,5 um. 

14. Appareil selon la revendication 1 et dans lequel ladite matiere poreuse comprend une etoffe polyolefinique non tis- 
see caract6ris6e par un ecoulement d'air de 1 1 k 31 Gurley secondes. 

30 

15. Appareil selon la revendication 14, dans lequel I'etoffe polyolefinique non tissue est aiguilletee uniformement pour 
produire de multiples pores dont ia taille de pore se situe entre 25 urn et 2000 urn. 

1 6. Appareil selon la revendication 1 et dans lequel la matiere poreuse contient une multiplicity de pores uniformement 
35 distribu6s sur la surface, dont la distribution de taille de pore se situe dans la gamme entre 0,02 urn et 10 urn. 

17. Appareil selon la revendication 1 et dans lequel ladite matiere poreuse est caracterisSe par une distribution bimo- 
dale de pores uniformement divises sur la surface, dont ia distribution de taille interieure de pore se situe dans ia 
gamme entre 0,02 um et 10 urn, et avec une seconde distribution se situant entre 1 urn et 2000 um. 

40 

18. Appareil selon la revendication 1 1 , dans lequel ladite matiere poreuse contient aussi une multiplicity de pores uni- 
formement distribues sur la surface, dont ia distribution de taille de pore se situe dans la gamme entre 0,02 um et 
1 0 jim, et dont la surface contient de multiples pores supplementaires se trouvant dans la gamme de 25 um k 2000 
um, seulement sur les parties de la surface correspondant auxdits compartiments. 

45 

19. Appareil selon la revendication 11 ou la revendication 18, dans lequel ladite matiere poreuse contient des perfora- 
tions qui coincident avec lesdits moyens de division (38). 

20. Appareil selon la revendication 1 1 , dans lequel ies moyens de division (38) d6f inlssent des bords nets sur leur face 
so adjacente k la matiere poreuse, pour couper la matiere poreuse lors de ^application d'une force suff isante. 

21 . Proc6de pour regler de facon variable la quantite de f luide introduce k des cellules de plante poussant dans I'appa- 
reil selon Tune quelconque des revendications 1 k 4 ou 7 k 20, par un reglage (a) de la force de flottation qui 
depasse le poids de deplacement d'origine de I'appareil et (b) de la perm§abilite hydraulique de la matiere poreuse. 

55 

22. Precede pour la croissance de plante selon la revendication 5, incluant les etapes consistant : 

k placer la matiere de plante, de poids X, dans un appareil selon la revendication 1 , de poids Y, ayant une sur- 
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face de fond (24) d'aire de surface A, formee d'une matiere poreuse ayarrt une surface hydrophile. et un ele- 
ment f lottant (28) ayant une pouss§e de Z ou Z > X+Y : 

a placer I'appareil sur un corps de liquide pour supporter I'appareil, le corps de liquide ayant une force d'adhe- 
sion B par aire unitaire a la surface de la matiere poreuse, ou 

5 

Z-(X + Y)< AxB 

a forcer I'appareil dans le corps de liquide de sorte que la matiere poreuse soit humidified ; et 
a liberer I'appareil et a le laisser s elever partiellement hors du corps de liquide de sorte que la matiere poreuse 
*o se trouve au-dessus d'une surface superieure du corps de liquide mais reste en contact avec la surface supe- 

rieure d'un menisque du corps de liquide. 

23. Appareil selon la revendication 1 , incluant : 

'5 un ensemble de boite pour la croissance de plante d'un poids Y ayant une surface de fond (24) d'aire de sur- 

face A formee d'une matiere poreuse ayant une surface hydrophile supportee par un element flottant (28) 
ayant une poussee de Z ou Z > X+Y et X est le poids de la matiere de plante placee dans la boite pour ia 
croissance de plante, dans lequel la surface de fond est separee verticalement de I'6l6ment flottant par un Ele- 
ment espaceur ; 

20 un corps de liquide pour supporter la boite pour la croissance de plante, le corps de liquide ayant une force 

d'adhesion B par aire unitaire a la surface de la matiere poreuse, ou 

Z-(X + Y)< AxB 

25 dans lequel, apres avoir force matiere poreuse dans le corps de liquide de fagon a I'humidifier, (a boite pour la 

croissance de plante s'eleve partiellement hors du corps de liquide, de sorte que la matiere poreuse se trouve 
au-dessus d'une surface superieure du corps de liquide mais reste en contact avec ia surface superieure d'un 
menisque du corps de liquide. 

30 
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